The present work aimed to evaluate the correlation of the agronomic characteristics of sunflower genotypes grown for seven years in the state of Mato Grosso, Brazil, as an aid for the indirect selection of genotypes. The data were obtained from experiments conducted in the period from 2009 to 2017, in the municipality of Campo Verde, Mato Grosso state, Brazil, using different sunflower genotypes. Pearson correlation analysis was performed between the following agronomic characteristics: Initial flowering (IF), physiological maturation (PM), plant height (PH), thousand Rondon et al.; JEAI, 36(6): 1-9, 2019; Article no.JEAI.49115 2 achene weight (TAW), achene yield (AY), oil content (OC) and oil yield (OY). A strong positive correlation (r = 0.75*) was observed between IF and AY, and a moderately strong positive correlation (r = 0.67*) between PM and AY. There was a negative correlation (r = -0.51*) between TAW and OC, as well as between plant height and achene yield (r = -0.32*) and oil yield (r = -0.34*). Late-cycle genotypes showed a positive correlation with achene yield and oil yield. Smaller plants favor productive parameters. Further studies and the anticipation of the crop sowing season in the second crop are suggested due to the local edaphoclimatic conditions.
INTRODUCTION
The sunflower-cultivated area in Brazil has been expanding mainly due to the versatility of the crop, which is employed in the production of edible oils and biodiesel, ornamentation and animal feeding, among others [1] . Furthermore, the sunflower presents desirable agronomic characteristics, such as a short plant cycle, high quality and quantity of oil, adaptation to different edaphoclimatic conditions, well defined cultural treatments, besides being a satisfactory alternative for crop rotation/succession [2, 3] .
Due to the diversity of its use, the desirable cultivation characteristics and the increasing demand of the industrial and commercial sectors, there are prospects for an increase in the sunflower cultivated area, especially in the Brazilian Savannah region (Cerrado). In this region, it is common to conduct a second crop in February/March, in which sunflower cultivation can be employed in different production systems [4, 5] .
In this perspective, the Mato Grosso state stands out as the largest Brazilian producer state of sunflower, reaching 98.8 thousand tons in the 2017/2018 season [6] . In order to maximize production within the state, the importance of the use of adapted genotypes is one of the main factors for the success of crop establishment, by facilitating cultural practices, reducing the risk of losses and providing higher profitability to the producer [5, 7] .
In this regard, the desirable agronomic characteristics for the selection of genotypes for a region must meet market demands, especially with regard to achene production and oil content and quality [8] . It is known that the characteristics of sunflower production can be correlated to each other [5, 9] . The generation of this information is relevant because it allows identifying how plant development characteristics, such as height, plant cycle, and achene weight can influence the final production of components. The present work aimed to evaluate the agronomic characteristics correlation of sunflower genotypes grown in seven years in the Mato Grosso state, Brazil, as an aid for the indirect selection of genotypes.
MATERIALS AND METHODS
The data used in this work were obtained from experiments conducted by the Official Evaluation Network of Sunflower Genotypes, under the coordination of the Brazilian Agricultural Research Corporation (Embrapa Soja) and collaborators. These results were published in the Reports of the Evaluation of Sunflower Genotypes [10, 11, 12, 13, 14, 15, 16] .
The experiments of 2009, 2010 and 2011 were conducted at the Santa Luzia Farm, in the municipality of Campo Verde, Mato Grosso state, Brazil. In the years 2013, 2014 and 2016, the tests were performed in the experimental area of the Federal Institute of Mato Grosso (IFMT), São Vicente Campus, located in the municipality of Campo Verde, Mato Grosso. In 2017, the assays were performed in the experimental area of the Reference Center of Campo Verde, also belonging to the IFMT, São Vicente Campus. The experiments of 2012 and 2015 were not considered in the joint analysis since their coefficient of variation was higher than 20%.
The experimental design was in randomized blocks, with four replications. The sowing was manually performed, placing three seeds per hole, and the thinning of the plants occurred between 7 and 10 days after emergence (DAE). In all experiments, the plots consisted of 4 lines of 6 m in length, with a 0.9 m between-row and 0.25 m within-row spacing. In addition, the plot area was composed of 9.0 m² in the tests from 2009 to 2013, and of 7. In all experiments, at the flowering time, the plant height (PH) was measured based on the insertion of the stem in the crown region (at soil level). In order to avoid damages by bird attack, the R7 stage capitula were covered with nonwoven fabric bags. In the assays performed in 2014, 2016 and 2017, the initial flowering time (IF) was recorded in days, and in the years 2013 and 2014, the physiological maturation (PM) was also registered in this standard.
Harvesting and threshing were manually performed with subsequent cleaning of the grain mass in order to remove impurities. Table 2 ).
The data were analyzed using the SAS Studio statistical software for Pearson's correlation analysis between the sunflower agronomic characteristics, considering a 5% significance level. The results were interpreted according to Shikamura [17] , who proposes the following interpretation of values: r = 0.10 to 0.19 for very weak correlation; r = 0.20 to 0.39 for weak correlation; r = 0.40 to 0.69 for moderate correlation; r = 0.70 to 0.89 for strong correlation; and r = 0.90 to 1.00 determining a very strong correlation.
RESULTS AND DISCUSSION
A significant correlation was observed between the following characteristics: initial flowering and plant height; initial flowering and achene yield; initial flowering and oil yield; physiological maturation and plant height; physiological maturation and achene yield; physiological maturation and oil yield; plant height and achene yield; plant height and oil yield; thousand achene weight and oil content; achene yield and oil yield ( Table 3 ).
The initial flowering on the sunflower is more related to the genotype, than to the environmental conditions [18] , and it was found that the flowering contributed considerably with the genetic divergences among several sunflower genotypes [19] . One of the objectives In spite of these advantages, it is emphasized that the anticipation of flowering and physiological maturation performed in early genotypes should allow final yield similar to those of the medium or late cycle, so that there is no economic loss to the producer. However, the results of the work involving the influence of the anticipation of flowering on the final yield of the crop are contradictory. In a study with sunflower genotypes in Pakistan was found a positive correlation for the characteristics [21] . On the other hand, in other studies it was reported negative correlation [22, 23] .
In the conditions of the present study, strong correlations (r = 0.75*) between IF and AY and moderate positive (r = 0.67*) were observed between PM and AY (Table 3) , which allows us to infer that genotypes with cycle later yielded higher yields of achenes when compared to plants whose cycle was earlier. This is possibly related to the fact that later-cycle genotypes present a longer time to produce achenes, tending to higher yields [8] .
Moreover, the flowering of the sunflower can be anticipated due to irregularity in rainfall distribution [24] , a common situation in the second harvest crop in the Brazilian Cerrado. Thus, under unfavorable conditions in the phases of flowering and maturation of the sunflower, such as water deficit and high temperatures, there is damage to the accumulation of dry mass by the plants, which causes a negative impact on crop productivity [25] . This may have contributed to the positive correlations observed between IF and AY, and PM and AY, in the present study (Table 3) .
On the other hand, there was a strong negative correlation (r = -0.73*) between IF and OY (Table  3) . Although it was not significant, it was also found a negative correlation between IF and OC (r = -0.19), a relevant result considering that the oil yield is obtained from the multiplication of the achenes yield by the oil content. Similarly, in a study involving 20 sunflower hybrids was found negative correlation (r = -0.66) for IF and OC [26] .
However, physiological maturation correlated positively (r = 0.67*) with oil yield ( Table 3 ).
Considering that the efforts of sunflower breeding programs have been in the development of earlier genotypes with higher production of achenes and oil [8, 27] , it is assumed, with the results obtained in the present study, that the sowing period adopted and the edaphoclimatic conditions of the region were unfavorable for the expression of the productive potential of the earlier materials.
In addition to the reduction of the cycle, among the current objectives of the sunflower breeding programs in Brazil is the smaller size of the plant, aiming at better adaptation to the climatic conditions at the time of cultivation used and optimization of the harvest practice [8, 27] .
In this sense, the negative correlations (Table 3) between PH and IF (r = -0.54*) and PH and PM (r = -0.67*) indicate that there can have been growth restriction of longer cycle plants , especially in the stem elongation period, due to unfavorable edaphoclimatic conditions [28] , recurrent in the second harvest in the region of study. Thus, the plants whose initial flowering and physiological maturation were later presented a smaller size at flowering and at the time of maturation.
However, the negative correlations observed between plant height and the yield parameters of achenes (r = -0.32*) and oil (r = -0.34*) for the crop (Table 3) allow to infer that the reduction in the size of the later cycle plants did not affect the final production. Larger plants have a higher proportion of leaves, and therefore, they perform carbon fixation more efficiently, which can result in greater accumulation of dry mass in the plant [21] . This greater accumulation of dry mass, because it generates an intense contribution of nutrients to the aerial part in favor of the growth of the plant, can reduce the allocation of nutrients to the achenes, resulting in less developed achenes, being able to reflect in a lower yield.
For the WTA and OC characteristics (Table 3) , a moderate negative correlation was observed (r = -0.51*), a result similar to those obtained in other studies [29, 30] . In sunflower, the achenes located at the periphery of the chapter are heavier in relation to the central ones, and have a larger volume and shell surface in relation to the seed, reason why heavier achenes can have a lower oil content [8] .
Although no significant correlation was found between WTA and AY in this study (Table 3) , many studies found a positive relationship between these characteristics [9, 19, 22, 29, 31, 32] . In sunflower plants, the achenes can be malformed in the center of the chapter, among other factors, by the ripening pattern from the periphery to the center. Thus, depending on the nutritional conditions at this stage, losses in water absorption and photo-assimilates can occur, generating a large amount of achenes achy and floral remains, which can result in lower yield. The influence of the WTA on yield for the crop can also be related to the genetic characteristics and the time of filling of the achenes.
Very strong positive correlation (r = 0.97*) was observed for AY and OY (Table 3) . Corroborating with the results obtained, in studies with sunflower was found a positive correlation between the characteristics [5, 9, 29] . However, for this correlation, the increase in oil yield of the genotypes should not be attributed to the higher oil content, since the correlations of OC with AY and OY were not significant [5] . Thus, genotypes that generated higher oil yield were not necessarily the ones with the highest oil content. This same explanation fits the correlation between PH and OY (r = -0.34).
With the results obtained, it is necessary to carry out more studies in the evaluated region, since the reduction in the plant cycle is a trend in the Brazilian sunflower breeding programs. Therefore, it is important to verify if the use of early genotypes in the sowing period used in the region, considering the edaphoclimatic conditions, can imply significant losses, especially in the achenes yield, which constitutes one of the main parameters of interest for the crop.
CONCLUSION
Under the conditions of the present study, the genotypes presenting later initial flowering and physiological maturity are related to higher achenes yields. Genotypes that have lower weight of thousand achenes are related to higher oil content.
For plant height, negative correlations were observed with the characteristics: initial flowering, physiological maturation, achenes yield and oil yield.
It is necessary to carry out further studies, especially with early genotypes, suggesting the anticipation of the sowing season of the second harvest considering the local edaphoclimatic conditions.
